in the literature, the secondary consequences and potential economic ripple effects are more difficult to grasp. While this study does not attempt to disentangle the effects of the 9/11 from concomitant dynamic processes, it focuses on three broader questions in the context of the 9/11 attacks using empirical data from 1998 through
2004:
First, little is known about geographic concentration outside of the manufacturing sector and hardly any consistent empirical work has been done on the spatial dynamics of office-using industries. Taking similar studies of the manufacturing sector as a point of departure, this paper simply takes a step back to answer the basic question: do establishments in the office-using sectors tend to be spatially concentrated in the New York region? If so, have recent changes in office employment been more dynamic in the Manhattan core or in the more peripheral counties of the agglomeration? Secondly, the regional employment analysis is extended by introducing some simple measures of labor productivity for office-using industries and by comparing productivity growth in the core to that of the outer region. Thirdly, the regional county-level analysis is complemented with a more disaggregated analysis of co-agglomeration in office using industries at the zip code level. To this aim, measures of co-agglomeration are calculated for all possible combinations of industries and the distribution of these measures is examined.
For the purpose of the empirical analysis, these three questions can be rephrased in the following way: 1) How concentrated is office employment in Manhattan, the center of the New York region and what changes have occurred in the ratio between the urban core and the suburban periphery in recent years? 2) Is labor productivity in office-using industries similar in the core and periphery? 3) What conclusions can be reached from zip code level analysis of co-agglomeration of office industries regarding the existence of small-scale spillover effects?
Research problem
Employment dynamics of office-based service industries are a main determinant of the demand for office space and an integral part of contemporary metropolitan economies. This is particularly true for Manhattan where FIRE (finance, insurance and real estate) and other office-using industries account for over 40 percent of total employment. In Lower Manhattan, office jobs make up approximately 75 percent of all jobs (Bureau of Labor Statistics 2007) . At the regional level, suburban areas have experienced strong growth in office space and employment growth virtually throughout all metropolitan areas. In contrast, growth in inner cities has been more modest and in some cases even negative. Lang (2000) reports that in the aggregate US market office space almost tripled within one decade (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) whereas central city office space grew only by 90 percent. During the 1990s, growth of suburban office inventories slowed down remarkably, allowing inner cities to partially regain their competitiveness. Construction of new office space was 280 million square feet in inner cities and 234 million square feet in the suburban areas at the national level. This long-term trend towards more decentralized office is partially counteracted by the requirement of frequent face-to-face contacts in knowledge intensive industries. Glaeser and Kahn (2001) report that financial and business services, research and development activities, and technology development are among the industries that are strongly dependent on face-to-face communication. In addition, Rauch (1993) found knowledge spillovers in dense urban environments with a high employment density to be a source of significant productivity gains. Schwartz (1992) contends, however, that suburban proximity as found, for instance, in campus-style suburban office parks may be sufficient to replicate the proximity and communication patterns found in Central Business Districts. In a similar vein, Chang and Coulson (2001) reported that employment growth in central cities is associated with complementary suburban growth but also found cases in their empirical study where suburban growth occurred as substitutive growth at the expense of the urban core. In the face of conflicting empirical evidence, it is pertinent to briefly review the theoretical foundations of agglomeration economies before commencing the empirical analysis.
Categorization of agglomeration economies
Cities have a number of distinct features that enhance their competitiveness over more peripheral areas. First, the diffusion of information among firms regarding research and development, labor, financing, and marketing strategies is particularly high in cities (Blair, Premus 1993) . Transfer costs and unit costs are lower, labor productivity and management efficiency are higher (Hoover and Giarratani 1985) .
These locational advantages are transmitted via agglomeration economies. The term 'agglomeration economies' denotes a variety of distinct processes that result in spatial concentration of economic activities at various geographic levels. Three microfoundations of agglomerative forces have been defined in the literature: (1) knowledge spillovers, (2) labor market pooling, and (3) input sharing (Rosenthal, Strange 2001) . When analyzing agglomeration effects in this context, it is helpful to break down agglomeration economies into two types of effects: localization economies or Marshall-Arrow-Romer (MAR) externalities which are dependent on the size of a particular industry within a city and urbanization economies (also termed Jacobs externalities) which are dependent on the overall size of a city's economy (Henderson 1997) . Following this definition, localization economies refer to savings in production costs that a firm achieves by sharing industry-specific input factors with companies of the same industry or by gaining joint access to a large pool of workers with specialized skills relevant to the particular industry or trade. Urbanization economies, which are more broadly defined, apply to all urban location factors such as transportation infrastructure, public utilities, information services and other factors that are simultaneously relevant for a number of industries and exhibit decreasing average costs with large-scale production (McDonald 1997, 37 ).
Methodology and data
Four types of concentration measures that have become standard in regional science and regional economic studies are used in this analysis: the location quotient, the Hirschman Index and the locational Gini coefficient and the Ellison-Glaeser-Index.
Concentration indices
The most basic measure among these is the location quotient which is formally defined as:
e is employment in a given industry i in region j in year t.
t i E is national employment in industry i. The location quotient approach compares the concentration of employment in a given industry and spatial unit to that industry's share at the aggregated national level. LQ values below 1.0 indicate that an industry has relatively fewer employees in a given spatial unit compared to the national level whereas a value above 1.0 indicates that an industry's share in the economy of a spatial unit is higher than it is in the national reference system. In the location analysis literature, LQ values above 1.0 are also interpreted as indicative of comparative regional economic specialization. LQ values above 1.0 are also routinely used to identify export industries in an export-base framework (Klosterman 1990 ).
The Hirschman-Herfindahl Index (HHI) takes into account the relative size and distribution of the competitors in a market and varies from 0 to 10000, where zero represents no concentration at all and 10,000 represents a perfect spatial monopoly. It is calculated by squaring the market share of each unit competing in the market (counties, in our case) and then summing the resulting numbers.
where x i is the number of office workers in location i and X is the total number of office workers in all regions. Markets in which the HHI is between 1000 and 1800 points are considered to be moderately concentrated and those in which the HHI is in excess of 1800 points are considered to be markedly concentrated.
The spatial Gini coefficients are based on industry employment normalized by the overall industry-mix and distribution of the CMSA in the following form:
where z i is the number of workers of a particular office-using industry in location, Z represents the total number of workers of that industry in all regions, x i is the number of all office workers in location i and X is the total number of office workers in all
regions.
An industry which is not geographically concentrated more than the overall aggregate job distribution has a coefficient of 0. The coefficient approaches 1 with increasing spatial concentration of an industry. Spatial Ginis were applied, among others, by Krugman (1991 Krugman ( , 1993 and Audretsch and Feldman (1996) to measure spatial concentration and to assess economic innovation. One of the advantages of the Gini coefficient is that it eliminates the size effect resulting from the fact that large employment and population centers are more likely to have larger numbers of workers in any given industry regardless of their industry-specific specialization. As Ellison and Glaeser (1997) 
where G is the spatial Gini, HHI is the Hirschman-Hefindahl Index, s i is the share of industry employment in region i, x i is the share of total employment in region i, and z i is the share of establishment employment of the industry. In the Ellison-Glaeser Index, the inclusion of the term
2
(1 )
ascertains that E(γ)=0 when neither agglomerative spillover forces nor natural advantage are present. A zero value of γ indicates a perfectly random location process whereas positive γ values can be interpreted as excess concentration. It is not possible, however, to undertake any causal analysis of agglomeration effects with these measures. As Ellison and Glaeser (1997) 
Datasets
The empirical analysis of this study is based on two main datasets, the County Business Patterns and the more disaggregated ES-202 data.
County Business Patterns (CBP) is an annual federal data series that provides standardized data on employment and wages by industry and county. This series which is maintained by the United States Bureau of Labor Statistics (2001 Statistics ( -2007 is widely used in employment research to study the economic activity of detailed geographic areas over time and to benchmark time series data between economic censuses. CBP data excludes self-employed individuals, private household workers, railroad employees, agricultural employees, and most government employees. Since 1998, it has classified industry using the new North American Industry Classification System (NAICS). Before 1998, it used the previous Standard Industry Classification (SIC) system. Economy.com, a private data supplier has made an effort to reconcile SIC and NAICS data at the county level. This reconciled continuous time series of employment is used to conduct the analysis described above. A known problem with using ES202 data for this type of analysis is that firms do not always report jobs where they are actually located, as the reporting form asks, but instead at the address of the company's headquarters or accounting service. While this may somewhat distort the picture of how jobs are distributed across zip codes, the main trends will nonetheless be visible. Another problem with ES202 data is that it suppresses data for zip codes with fewer than three employers in the SIC for confidentiality reasons. To remedy this problem, I apply a suppression correction algorithm. If observations were available for other years in the series (i.e. years when the number of reporting companies in an SIC rose above two) I calculated employment for the suppressed cases by applying the per-firm average taken from those other years. Where employment information was missing for whole series (because number of firms in zip code was continuously below three), no adjustments were made. The 
Results
The development of regional office employment in the New York area largely echoes the broader national and international trends. The most important among these longterm trends is the growing importance of suburban office locations compared to central city locations. Figure 1 demonstrates that Manhattan had more office jobs at the beginning of the 1980's than all other thirty counties of the CMSA combined.
2 Over the course of the following two decades, the CMSA counties outside of Manhattan added more than half a million office workers while Manhattan office employment stagnated. It is also evident from the graph that the impact of the two business cycles in the observed period is reflected in both Manhattan and outer CMSA employment.
While Manhattan office employment oscillates cyclically by an order of magnitude of 100,000 office workers, the other CMSA counties exhibit a clear secular growth pattern in office employment. Although employment growth in the outer CMSA appears dynamic compared to Manhattan, it is rather sluggish in the larger comparison of US national growth. In fact, the national employment growth rate in the last three Another caveat regarding these comparisons is that large percentage gains are more easily achieved in regions with no or little previous office employment while growth in the Manhattan and other mature markets requires large growth in absolute numbers.
[
FIGURE 1 SEE BELOW]
Turning to a more detailed analysis of the regional distribution of office employment, Table 1 and Table 2 present the empirical values of two standard measures of concentration as described in the previous section using County Business Pattern data. The values for the spatial Gini (Table 2) largely confirm the developments identified in the HHI analysis with finance and insurance being the most concentrated industry group in the New York CMSA and administrative and support services being the least concentrated. Looking at the changes over time within the analyzed period shows that all office-using industries have experienced employment decentralization to varying degrees throughout the analyzed period with the sole exception of the information industry (NAICS code 51).
[ The gamma indices reported in Table 3 point in a similar direction. The decentralization process is less pronounced in the gamma values, however. While the information industry experienced significant centralization during the observed period, the five other major office-using industry groups remained relatively close to their initial levels. The general interpretation of the γ is not straightforward, however. Some empirical studies apply a rule of thumb where γ > 0.05 are defined as highly concentrated whereas γ < 0.02 are defined as not very concentrated (Ellison and Glaeser 1997, Rosenthal and Strange 2001) , which we also follow in our interpretation.
While management of companies (55) Manhattan. In the next step, the 2-digit industry groups are decomposed into 4-digit industry groups and the spatial units are disaggregated from counties to zip code level to obtain a more fine-grained analysis.
[ Table 3 SEE BELOW]
In addition to the measures reported in the tables above, the spatial dynamics of office employment in the New York region can be illustrated with a series of maps. 
Productivity comparisons of office-using industries
The analysis of employment data demonstrates that Manhattan's share of office activities in the region is declining by all accounts. Similarly, office employment has become more evenly distributed in the CMSA region in the last two decades as office firms are relocating partially or fully to suburban areas and smaller office cores in the New York region.
Apart from being an indicator for the industrial composition of regional and local economies, employment data are also subject to relative changes in productivity and capital endowment which are prone to having a distorting impact on the spatial analysis.
It is therefore useful to analyze output measures such as output per worker in addition to employment data. Labor productivity is the most important indicator of the efficiency and competitiveness of local and regional economies. For the purpose of this research, it is simply defined as real output per office worker since reliable data on average working annual working hours were not available to the author. Figure 5 shows real output per office worker for three entities: Manhattan, the CMSA outside of shown. It is remarkable that economic growth in Manhattan's office-using industries is brought about almost exclusively by productivity increases and not by virtue of an expanding work.
Comparing the trajectories of employment and productivity over time reveals that the events of 9/11 and the ensuing economic recession had a profoundly negative impact on employment levels while productivity remained unscathed by the events. In fact, output per worker has been increasing throughout all phases of the business cycle in the last two decades which is particularly remarkable since labor productivity tends to stagnate or fall during a recession as companies cut production more rapidly than employment at the onset of a recession. While there were hardly any productivity gains during much of the 1990s at both the CMSA and the national level, Manhattan added productivity gains of nearly 100,000 dollars per office worker within the last decade.
How can the productivity advantage of Manhattan's office firms be explained? In principle, higher productivity in one area over another can come from two sources.
The first one is the industrial composition advantage which arises when a local or regional economy has a disproportionately high share of highly productive industries.
In this case, overall labor productivity in the area will be high even if productivity by industry is only average.
[FIGURE 5 SEE BELOW]
The second possible source is an intra-industry competitive advantage, which means that local industries achieve higher productivity levels by virtue of a more efficient use or higher quality of input capital. An ad-hoc measure that allows for distinguishing In order to study the question of spillover effects, a further disaggregation not only of the spatial units but also of the industries to the 4-digit level appears necessary. Table   5 reports Ellison-Glaeser γ values for the fifteen most important office-using industries and Table 6 shows selected examples of industries with highly correlated spatial distribution patterns. Surprisingly, very few industries exhibit excess concentration (γ>0.05) at this level expect Securities and Commodity Exchanges (5232) which is highly concentrated. The lack of highly concentrated industries may simply indicate that choosing Manhattan as a frame of reference leads to underestimating the concentration of industries since Manhattan itself is highly concentrated in office employment at the aggregate level. Moreover, no clear time-series pattern is detectable in the years analyzed.
[ FIGURES 7, 8, 9 SEE BELOW] To further investigate the question of industry spillovers, we analyze if the agglomeration patterns of 4-digit industries are correlated. Again, the difference between a zip code area's share in total employment is calculated and compared to the share of that area in a particular industry. The resulting differences between both are then correlated over all office industries. I then sort the resulting correlation matrices according to significance levels and find that 25.6% of 1305 possible industry pairs are significant at the 5% level. Tables 5 and 6 report the results by industry while Figure 10 shows the frequency distribution over all industries in a histogram. Industries with significant correlation coefficients above 50% can be considered coagglomerated in the sense that significant spillover effects appear to operate at the small-scale level as discussed in the first section of this article. For instance, office administrative services (5611) show an excess agglomeration pattern that is very similar to that of the securities and commodity exchanges (5232). The same is true for management of companies and enterprises (5511) and legal services (5411). It is likely that spillovers occur simultaneously between a number of industries located in a given zip code area and not just between the pairs measures in the correlation analysis. Nevertheless, it is possible to identify industries that appear to share locational preferences due to agglomeration spillovers at these microlocations.
[TABLE 5, FIGURE 10, AND This work finds evidence of significant concentration of office-using industries in
Manhattan despite ongoing decentralization in many of these industries over the last twenty years. Financial services tend to be highly concentrated in Manhattan whereas administrative and support services are the least concentrated of the six major officeusing industry groups. Although office employment has been by and large stagnant in
Manhattan for at least two decades, growth of output per worker has outpaced the CMSA as well as the national average. A shift-share type analysis reveals that the productivity differential is mainly attributable to competitive advantages of officeusing industries in Manhattan and not to differences in industry composition. Although this may serve as an indication of knowledge spillovers due to spatial proximity, other reasons may account for the higher productivity of Manhattan office firms, such as higher quality of physical capital, a generally higher skill level of the labor force, more efficient workplace practices and institutional arrangements.
The zip-code level analysis of the Manhattan core area yielded further evidence of the existence of significant spillover effects at the small-scale level. Co-agglomeration of office-using industries at the micro-level is particularly strong between FIRE industries and business-oriented service industries, confirming earlier reports of extensive linkages between these industries. All in all, about one quarter of all office-using industries are coagglomerated at the zip code level.
In general, this article provides a number of model-based descriptive features of office employment in the New York region. Although the calculated concentration measures yielded some insights regarding potential explanatory factors, no reliable conclusion can be derived regarding the causal forces leading to the phenomena observed.
Therefore, further studies are needed to explore the causal relationships of agglomeration effects and the locational behavior of office-using industries. More specifically, the empirical base of the zip-code level analysis needs to be broadened to arrive at generalizable results by including suburban zip code areas and a longer time series, an endeavor that has up to now been hampered by the transition from the SIC to the NAICS industry classification system. 
